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(54) Processing metliod of thermally developable photosensitive material 



(57) A processing method which thermally develops 
a thermally developable photosensitive material which 
is exposed imagewise. comprising the step of thermally 
developing said thermally developable photosensitive 
material using heating element which intermittently 



heats and has duration time of surface temperature of 
not less than 250 °C to be not more than 1 second, 
wherein said thermally developable photosensitive ma- 
terial comprising a support having thereon one layer or 
plural layers; containing organic silver salt, photosensi> 
tive silver halide grains and a reducing agent. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a processing method of a thermally developable photosensitive material 
which exhibits excellent size repetition accuracy and specifically, to a thermally developable pnnting plate-making 
photosensitive material which is suitable for color printing. 

BACKGROUND OF THE INVENTION 

rooozi Conventionally, in the printing and plate-making field, solution waste generated along with the wet process 
forimagefomiingmaterialshascaused problems regarding worakability. and in recent years.adecrease.n the process- 

inq solution waste has been strongly demanded in terms of environmental protection and room saving. 
K Thus, a technique for light heat photographic material for a technical photographic use is demanded in wh^h 
Exposure can be suffictently carried out using a laser image setter, and sharp and bnght images with high resolving 

Ki'^^M sucMechniques. methods are well known which are described, for example, in U.S. Pat. Nos. 3.152^04 
and 3 487 075 and D. Morgan. "Dry Silver Photographic Materials" (Handbook o1 Imaging Matenals. Marcel Dekken 
inc. page 48. 1 991 ). etc. These photosentive materials are developed at high temperature of not less than 80 C and 
20 are referred to as thermally developable photosensHive materials. ^, «.,„<fii^= 

rOOOS] When a printing plate-making photosensltve material is used for color printing, ordinanly. a plurality of filrns 
iXcted to color separatL for each color are employed. These are exposed to each o several printing plates and 
printing is carried out upon superimposing them. When a plurality of films subjected to color separation each color 
a e no?superimposed in such a manner that each image is identically positioned, a phenomenon ^rmed doubi.ng^^^ 
2S caused in resulting prints. Accordingly, in the printing plate-making photosensitive material, rt .s required that the sizes 
are identical throughout the development process, that is, the repotitkjn accuracy IS critical. ^ ^ , 

rOOOei However the conventional thermally developable photosensitive materials as described above when devel- 
oped at high temperatures, have exhibited insufficient size repetition accuracy described above and when employed 
for color printing, have not been commercially viable. Furthermore, when storing themially developed samples, the 
30 resulting samples have not been commercially viable due to occasional staining and degraded silver tone. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, in view of Ihe foregoing, the present invention was accomplished. An object of JJe present in- 
35 Sn is to provide a processing method of a themially developable photosensitive material ^^-ch exhibrts ex^^^^^^^^ 
sfze repetition accuracy. Another object is to provide a processing method of a them|ally 

material which results in minimum staining and minimum degradatfon of silver tone dunng storage after therma de- 
Smer,!^ocessing. and in particular, to provide a processing method of a therrmally developable printing plate- 
making photosensitive material especially suitable for cotor printing. 

BRIEF DESCRIPTION OF DRAWING 

[0008] Fig. 1 is an outline of a cross sectkmal view of the heat element and the thermally developable photosensitive 
material used in the invention. 

4S 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] Above objects of the invention could be attained by the loltewing methods. 

so 1 A processing method whfch themially devetops a themially devetopable photosensitive material which is ex- 

posed imagewise. comprising the step of themially developing said themr,ally developable photosensitive materal 
using heating element which intermittently heats and has duration time of surface temperature o not less than 
250 'C to be not more than 1 second, wherein sakJ thermally developable photosensitive material comprising a 
support having thereon one layer or plural layers; containing organic silver salt, photosensitive silver halide grains 

SS and a reducing agent. , u ^ 

2 A orocessinq method of item 1 , wherein said heating element is a therma! head. 

3'. A processing method of item 1 , wherein one layer or plural layers of said thermal^ developable photosensitive 
material contain a hydrazine derivative. 
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4. A processing method of item 1. wherein one layer or plura! layers of said thermally developable photosensitive 

material contain a quaternary onium compound. 

5. A processing method of item 1 . wherein said thermally developable photosensitive material comprising a support 
having thereon plural layers, wherein plural layers comprises an emulsion layer containing said photosensitive 

5 silver halide grains and a protective layer protecting said emulsion layer. 

6. A processing method of item 1 , wherein said thermally developable photosensitive material is thermally devel- 
oped by contacting said thermally developable photosensitive material with said heating element, 

7. A processing method of item 6, wherein said thermally developable photosensitive material is thermally devel- 
oped by contacting a side of the layer containing said photosensitive silver halide grains of said thermally devel- 

10 opable photosensitive material with said heating element. 

8. A processing method of item 6, wherein smooster value of the surface of said thermally developable photosen- 
sitive material contacting with said heating element is not more than 50 mmHg. 

9. A processing method of item 6. wherein hardness of the surface of said thermally developable photosensitive 
material contacting with said heating element is not less than 0.8 Gpa. 

IS 

[CX)10] The embodiments of the present invention are detailed below. 

[0011] As thermally developable photosensitive material to which the processing method of the present invention is 
applied, those can be employed which are disclosed, as described above, in. for example, U.S. Pat. Nos. 3,152.904 
and 3,457.075, and D. Morgan, "Dry Silver Photographic Material" and D. Morgan and B. Shely. "Thermally Processed 
20 Silver Systems" (Imaging Processes and Materials) Neblelte, 8lh Edition, edited by Sturge. V. Walworth, and A. Shepp. 
page 2, 1 969). etc. 

[0012] The processing method of the present invention is characterized in that thermal development is carried out 
using a heating element with a surface temperature of not less than 250 °C. Namely, after exposure, images are formed 
by thermal development utilizing a heating element with a surface temperature of at least 250 **C. Heat sources of the 
2S heating elements usable for thermal development include thermal pens, themial heads, thermal stamps, far-infrared 
radiation, etc. Of these, preferred are heating elements which can intermittently heat the surface to not less than 250 
•C within at least 1 second. The preferred embodiment of such a heating element is a thermal head which is formed 
by arranging a plurality of heating elements, and the thermal head in which heating elements are equally spaced is 
preferably employed. 

30 [001 3] In the present invention, thermal development is carried out using Joule heat. The temperature of a thermal 
head is elevated utilizing the Joule heat generated by running an electric current through a heating resistor composed 
of RuOg. TagN. Ta-Si, Cr-Si-O. etc. The temperature is elevated at maximum from 250 °C to 500 °C. preferably to 480 
'C, and the duration of the above-mentioned temperatures is not more than 1 second, and is preferably between 0.01 
and 10 milliseconds. In the present invention, a plurality of thermal heads are preferably arranged. The thermal heads 

3S are more preferably arranged in a line with a width of the photosensitive material being processed. By contacting the 
thermally developable photosensitive material with the heat element used in the invention, an embodiment that both 
the thermally developable photosensitive material and the heat element move correlatively is preferable. It is also 
allowed, that only the thermally developable photosensitive materia! moves while stopping the heat element, that only 
the heat element moves while stopping the thermally developable photosensitive material, and that both the heat 

40 element and the thermally developable photosensitive material move by changing each moving speed. It is preferable 
for the heat element to heat the layer side containing the photosensitive silver halide grains of the thermally developable 
photosensitive material. 

[0014] Fig. 1 is a view explaining the thermal development system (processing method) according to the present 
invention. In this system, between a platen roller 50 and a thermal head 52 provided with a heating resistor 51 . fed is 

45 a thermally developable photosensitive material 57 composed of a protective layer 53: a photosensitive layer 54, a 
support 55, and a backing layer 56. Thereafter, an electric current is supplied to the heating resistor 51 of the thermal 
head 52. When Joule heat is generated from the heating resistor 51 , the protective layer 53 and the photosensitive 
layer 54 of the thermally developable photosensitive layer 57 is thermally developed to form images. The thermal 
development system employing such as a thermal head also exhibits an advantage in a minimum increase in back- 

so ground staining. 

[0015] In the present invention, specifically, when a thermally developable photosensitive material is employed for 
the output of a printing image sette r with an oscillating wavelength of 600 to 800 nm. hydrazine derivatives are preferably 

incorporated into a photosensitive material. 

[0016] As hydrazine derivatives employed in the present invention, preferred are those having the following general 
ss formula (H). 
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General formula (H) 
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Ao— N-N-Bo 



wherein Ao represents an aliphatic group, an aromatic group, a Cq-Do group, or « ^;f»^^°^y^"° 9;°"P' f ° 
which rr«y hav? a substituent; Bo represents a blocking group; both A, and represent hydrogen atorns. or one of 
,0 whiS ^Csents a hydrogen aSm and the other represents an acyl group, a sulfonyl group or --o^¥ 9'oup. O 
reoresents a -CO- group, a -COCO- group, a -CS- group, a -C(=NG,Dn)- group, a -SO- group, a -SOg- group or a -P 
oT(gS -group; representsasimple?nk^^^ 

an aliphat c group, a.^, aromatic group, a heterocyclic group, or a hydrogen atom; and Do represents a hydrogen atom 
an allphSS g^oup. an aromatic group, a heterocyclic group, an amino group, an alkoxy group, an aryloxy group, an 

" PiT rgr^noZTaXXhatic groups represented by Ao preferably have from 1 to 30 -- a" 
straight branched or cyclic alkyi groups having Irom 1 to 20 carbon atoms are particularly preferred and. for exarnple. 
Sare a mihyl group, an ethy.'group. a t-butyl group, an octyl group, a cyclohexyl group, and a benzy Qrou^These 
may be substituted with a suitable substituent (for example, an aryl group, an alkoxy group, an aryloxy group an 
Skyllhio group, arylthio group, a sulfoxy group, a sulfonamido group, a sulfamoyi group, an acylam.no group, a ure.do 

Si ''^i^the general formula (H). aromatic groups represented by Ao are preferably monoring or ''^"^ens^d ring 
g oups. and crted, for example, are a benzene ring and a naphthalene ring. Heterocyclic groups represented by 
Tafe pref erabfy monoring or condensed ring groups composed of a heterocycle containing at jl^^/^ 
s^lectJ^ from nitrogen, sulfur, and oxygen atoms, which are. for example, a pyrrolidone ""9; '^^^"^^'^""^^^ 
tetrahydrof uran ring, a morpholine ring, a pyridine ring, a pyrimidine ring, a quinoline nng, a thiazole ^'"9^3 benzoth.- 
az^e ring, a thiophene ring or a f uran ring; as Ao. those particularly preferred are an anri group, and aror^atic groups 
and here^ocyclic groups of Ao may have a substituent and particularly preferred groups include a substrtuent hav.r^g 
an aSto Joup wrth a pKa^ 7 to 11 . and specffical^ cited are a sulfonamido group, a hydroxyl group, a mercapto 



30 group, etc. 



rooisi In the general formula (H). the -Go-Dq- group represented by Ao will now be described. 
0020 Go represents a -CO- group, a -COCO- group, a -CS- group, a -C(=NG,D,)- group, a -SO- group, a -SO^- 
Lr^P^ or a'pp) (G,D,)- group.'and as preferred Go. listed are a -CO- group and a -COCO- group and as pajticuterV 
Deferred a -COCO- g oup is listed. G, represents a simple linking group, a -O- group, a -S- group or a -N(Di)- group. 
andDT-^pLen^^^^^ 

of D,s are present in a molecule, these may be the same or different. 

r00211 Do represents a hydrogen atom, an aliphatic group, an aromatic group, a heterocyclic group an amino group 
^/koxy group, an arylo>^ group, an alkylthio group, an arylthio group, and as preferred D^ listed are a hydrogen 
atom an alkvl aroup. an alkoxy group, an amino group, an aryl group, etc. 

[S] funlf^e. in the general formula (H). Ao preferably contains at least one of a 9^"^ 
haUde adsorption group. As the nondrff usion group, a ballast group is preferred which is commorHy used as 'mmob taing 
photographic addSives such as couplers, and the ballast groups include an alkyI group, an alkenyl group, an alkynyl 
group an alkoxy group, a phenyl group, a phenoxy group, an alkylphenoxy group, etc. which have at least 8 carbon 

tS;r^nZ'^ST:S:rTs:^er ha.ide adsorption accelerators include thiourea, a «;.iourethane g^up^ a 
Spto group a thioether group, a thione group, a heterocyclto groups, a thioamido 
heteXcl^ group, or adsojtion groups described in Japanese Patent Publication Open to Public Inspection No. 

^Sr^ln the general fomiula (H). Bo represents a blocking group; preferably represents -Gq-Do which is the same 
SO thft-G«-D/x arouD in An. and Aa and Bq may be different. 

?M25] Both Tand ^represe°nt a hy^drogen atom and when one of them represents a hydrogen atom the other 
SfesentVan acyl group (for example, an acetyl group, a trifluoroacetyl group, a benzoyl group, etc.). a sulfonyl group 
for ex^re?a m^han^sulfonyl group, a toluenesulfonyl group, etc.). or an oxalyl group (for example, ar. ethoxaVI 



tS\ ''Specific examples represented by the general fom,ula (H) are described below However, the present inven- 
tion is not limited to these examples. 
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H-10 



/ ^— SO2NH— / V-NHNHCO— S— C4H9(n) 

o 



NCH2CH2SCH2CH2CO NH 




H-11 ,CsHii(t) 

WCsHi t— O — (CH2)4S02NH-^~^— NHNHCOCONHN^ 



H-12 

,C5H„(t) 

(t)C5Hii — ^~~\-0 — (CH2)4NHCONH— ^ ^— NHNHCOCOOCH2CSCH 



H-13 

CgHirO — (CH2CH20)4 — /^\— NHNHCO—/ \ 

CH2OH 



H-14 

^~y-S02NH— ^~y-NHNHCOCF3 
'SCH2CO— NH 
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L— CHa 

C5H1 iOCH2CH20CH2CHg-/^y- S02NH-^~^--NHNHC0C0NH- ^ N H 
C5HiiOCH2CH20CH2Ck2 CH3 



H-16 

CH2 — (OCH2CH2)5— O— CgHn 
c— NH— NHNHCOCONH— ^ ^1- CH2— 



NHCO— /~V-0 {CH2CH20)g- C16H33 




HO—i \— NHNHCOCONH— ^" 




CH3 
L-CH3 

CHg-^^- S02N»+^^-NHNHC0C0MH-\^^H 
CaHi7-(OCH2CH2)4-SCH2CONH CH3 CH^"^ 



H-19 

C^Hg CHr-^_ys02NH-/^-NHNHCOCONH-( NH 

Z*"^ CH2CH2SO2NH CH3 CH3 

C4H9 
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H-20 



CBHt7(OCH,CH2W5CH2CH2S02NH-^^-NHNHCOCF2H 



" C5Hn-<0CH2CH2)4--0--/~y-SO2NH-/~\-NHNHCHO 




CgHt <-<OCH2CH2)4— O 



"~ 2)^SCH2CONHCH2CH2S02NH.^^NHMHCOCONH-<^__^IH 



CbHi7-(OCH2CH2> 



— p-CHa 



L ^CHa 

"-23 /~~V_nhnhcoconh-/nh 

NHS02-f >— CHa ^Ha 



CHa NHCOCH2S— (CH2CH20)4— CgHiT 



CHa 



cH-oH l::ch3 



p-CHa 
CH3 



H-25 pHa 

.CHa 



CeHiT-(OCH2CH2)5SCH2-^^S02NH.^^^NHNHCOCONH- 



NH 

-CH3 
CH3 
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H-30 

5 



pCHa 




^9HNHCOCO — OCH3 



IS 



H-31 



20 



.NO2 

^ V-NHNHCHO 

25 



30 

IH-32 



35 



40 



CHz— CO-NHNH- SO2 — ^^"^^ CH3 



[0027] A hydrazine derivative addition layer is a photosensitive layer and/or a constitution layer adjacent to the pho- 
tosensitive layer. The added amount Is preferably in the range of las to IO-1 mole per mole of silver hallde and is most 
preferably in the range of lO'S to 10*2 mole, though the optimum amount is not defined, depending on the silver halide 
grain size halide composition, chemical sensitization degree, reducing agent type, retarder type, etc. 
45 [0028] As hydrazine compounds employed in the present invention, other than the compounds descnbed above, 
those described below may also be employed. 

[0029] In addition to the compounds described in Research Disclosure. Item 23516 (November 1983 Issue, page 
345) and publications cited therein, listed can be those described in U.S. Pal. Nos. 4.080.207, 4.269.929. 4.276.364. 
4 278 748 4 385 103 4 459.347. 4.478.928, 4.560,638, 4,686,167. 4,912.016. 4.988.604. 4.994.365. 5.041 .355, and 
SO 5'l04'769" O K Patent No. 2.011 ,391 B; European Patent Nos. 217310. 301 ,799. and 356,898; and Japanese Patent 
Publication Open to Public Inspection Nos. 60-179734. 61-170733. 61-270744. 62-178246. 62-270948, 63-29751. 
63-32538 63-104047. 63-121838. 63-129337. 63-223744. 63-234244. 63-234245, 63-234246. 63-294552. 
63-306438 64-10233 1-90439. 1-100530. 1-105941. 1 -1 05943, 1 -2761 28. 1-280747. 1-283548. 1-283549, 1-285940. 

2- 2541 2-77057 2-139538. 2-196234. 2-196235, 2-198440, 2-198441, 2-198442, 2-220042, 2-221953, 2-221954, 
55 2-285342 2-285343, 2-289843. 2-302750. 2-304550. 3-37642, 3-54549. 3-125134. 3-184039. 3-240036, 3-240037. 

3- 25924o! 3-280038. 3-282536. 4-51143. 4-56842, 4-84134. 2-230233. 4-96053. 4-216544. 5-45761. 5-45762. 
5-45763. 5-45764, 5-45765, 6-289524, and 9-160164. etc. 

[0030] Furthermore, other than those, employed can be compounds described in (Ka 1 ) of Japanese Patent Publi- 
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cation No 6-77138, specifically, compounds described on pages 3 and 4 ot the Publication; compounds represented 
by gens-l formula (1 'in Japanese Patent Publication No, 6-93082. specifically, compounds 1 '^-"9^^=^ '^--^Jf. 
on pages 8 to 1 8 of the Publication; compounds represented by general fomiula (4). general fom,ula (5), and general 
°ormu?a (6) in Japanese Patent Publication Open to Public Inspection ^-230497 specrf-callj comp^^^^^^^^^^ 
through 4- 0 on pages 25 and 26. compounds 5-1 through 5-42 on pages 28 to 36. f^^^'^^^^^^fJ^^^^J^^^^^^ 
on pages 39 and ^ of the Publication; compounds represented by general formula (I) and general '°>^"'^ f) 
Japanese Patent Publication Open to Public Inspection No. 6-289520, specifically, compounds 1-1 ) through 1 -17) and 
2Trpagfs 5 to 7 Publication; compounds described in (Ka 2) and (Ka 3) of Japanese Patent Publ.cat.on 
Ooin to PubTc inspection No 6-31 3936, specificalV. compounds described on pages 6 to 1 9 of the PubLcation; ccm- 
oound?desc^^^^^^^^^ 1) of Japanese Patent Publication Open to Publfc Inspection No. 6-313951, specrf.caiy com- 
DO^nS dScrSon pages 3 toS of the Publicatton; compounds represented by general formula (I) in Japanese Patent 
^ub^StJn Cn to PuSic Inspection No. 7-5610. specifically, compounds 1-1 through 1-38 cjescr toed on pages 5 to 
10 o the PubEcation- compounds represented by general formula (II) in Japanese Patent Pubhcation Open to Public 
nspli^ionT 7^7783, specrfically. compounds' H-l through 11-102 described on pages 10 to 27 of the Pubi.ca^.on. 
and c^mpou^^^^ represented by general formula (H) and gene^l formula (Ha) in Japanese P^*^"^^"^'"^ '^^^^^^^^^^ 
to Public inspection NO. 7-104426, specifically, compounds H-1 through H-44 descnbed on pages 8 to 15 of the Pub- 

The quaternary onium compounds employed in the present invention are those having a "*t^°9«" °^ P^^f" 
phorous atom quatema^ cationic group in the molecule and are preferably those represented by general formula (P) 



20 below. 



General formula (P) 



25 



30 



Rj — +^ R4 

B3 X" 



Wherein O represents a nitrogen atom or a phosphorous atom; R„ R^. R3 and R4 ^''^'^^[^'^'''^''^Tr^na 
atom or a substituent, and X" represent an anion. Furthemiore. R, to R4 may link with each other to complete a nng. 
3S subs uents represented by R, to R, include an alkyi group (for example, a methyl group, an em g-up. a 

otopvl qroup a butyl group, a hexyl group, a cyclohexyl group, etc.). an alkenyl group, (for example, an allyl group a 
ZXXupetc.)^nalkynylgro'upVexample.apropagylgroup,abutynylgroup^^ 

a phenylgroup. a naphthyl graup, etc.). a heterocyclk: group (for example, a pipendinyl group, a Piperadiny group, a 
mJpholinyl group, a piridyl group, a furyl group, a thienyl group, a tetrahydrof uryl group, a tetrahydrothienyl group, a 
40 sulforanvl qroup, etc.), and an amino group etc. . . . ^ • -^-^^ « 

[S R^gs which can be completed by linking R,. R^. R^ and R4 with each other include a P'P^'fj^^J^^a 
mo^,holine rfng, a piperadine ring, a quinuclidine ring, a pyridine ring, a pyrrole nng. an imidazole nng. a tnazole nng. 

[oSireroupstpresented by R, to R^ may have substituents such as a hydroxyl group, an alkoxy group, an aryloxy 
45 group, a carboxyl group, a sulfo group, an alkyI group, an aiyl group, etc. 

rooasi As R, Ro R-j and a., a hydrogen atom and an alkyI group are prefen-ed. 

[SS^] J^iSs represented by X- include inorganic or organic anions such as a halogen Ion. a sulfate .on. a nitrato 

ion, an acetate ion, a p-toluenesufonate ran. etc. , ,d^^ /Dh\ «r rPn\ and 

[00371 More preferred compounds are those represented by the following general fomnulas (Pa), (Pb). or (Pc) and 

SO the following general formula (T). 
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General formula (Pa) 



10 



-(Bp)in- 



"V 

R2 



np(Xp") 



75 



General formula (Pb) 



20 



2S 



A3 



np(Xp-) 



General formula (Pc) 

30 

'As . 



V./ 



np(Xp-) 



Wherein A^, A2, A3. A4, and A5 each represents a metal-free atom group to complete a nitrogen-containing het- 
40 erocyclic ring; may contain an oxygen atom, a nitrogen atom, or a sulfur atom; and may be condensed with a benzene 
ring. Heterocyclic rings completed by A, . A2, A3, A4, and A5 may have substituents which may be the same or different. 
Substltuents include an alkyi group, an aryl group, an aralkyi group, an alkenyl group, an alkynyl group, a halogen 
atom, an acyl group, an aikoxycarbonyl group, an aryloxycarbonyl group, a sulfo group, a carboxy group, a hydroxyl 
group, an alkoxy group, an aryloxy group, an amide group, a sulfamoyi group, a carbamoyl group, a ureido group, an 
amino group, a sulfonamide group, a sulfonyl group, a cyano group, a nitro group, a mercapto group, an alkylthio group, 
and an aryllhio group. 

[0038] Cited as preferred examples of A^, A2. A3. A4. and A5, can be 5- and e-membered rings (each of pyridine, 
imidazole, thiazole, oxazole, pyrazine, pyrimidine rings, etc. and cited as a more preferred example, is a pyridine ring. 
[0039] Bp represents a divalent linking group and m represents 0 or 1. As divalent linking groups, cited can be an 
so alkylene group, an arylene group, an alkenylene group. -SO2-. -SO-, -0-. -CO-, -N(Re)- (Rs represents an alkyI group, 
an aryl group or a hydrogen atom), or those formed in combinations thereof. 

[0040] R^, R2 and R5 each represents an alkyI group having from 1 to 20 carbon atoms and B| and R2 may be the 
same or different. AlkyI groups as described herein represent substituted or unsubstituted alkyI groups. The substituents 
are the same as those listed for A^ , A2, A3. A4, and A5. 
55 [0041] The preferred example of each of Ri, Rg, and R5 is an alkyI group having from 4 to 10 carbon atoms. The 
more preferred example includes a substituted or unsubstituted aryl-substituted alkyI group. 

[0042] Xp- represents a counter ion necessary for balancing the total charge of a molecule, for example, a chlorine 
ion, a bromine ion. an iodine ion. a nitrate Ion. a sulfate ion. p-toluenesulfonate. oxalat , etc. np represents the number 
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tor balancing the total charge of a molecule, and in the case of an internal salt, np is 0. 



General formula (T) 



A ^ 





neiri&i^ii icpwii v..*« upfpinafter each va ue in parentheses snows a oi-' 

Lhiy group (-0.24), a'propo^i group (^.25). a butoxy group (-0.32). a pentoxy group (-0.34). etc.. all of wh«:h are 

rS:;™s:n;: rr2^Torrfpr=^^^^ --^e .ns suc^ as a cMoriae Ion. a 

[00441 n ^«Pf«^«"^=J °; L nora^to acid radicals such as nitric acid, sulfuric acid, perchloric acid, etc.; organic 

acTradlSTsLcrafsronradd.^^^^^^ 

ShcoIc 2 d aSns such aL a p-toluenesulfonlc acid anion, etc.. higher alkylbenzenesulfonic acd anions such as a 
pHdSecylbe^^^^^^^^^^ acid anion, etc.. higher alkylsulfate ester anions such as a laurylsulfate anion, etc.. bone 

not limited to these examples. 



P-1 



P-2 
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CH2— C^CH 
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P-18 



S 
II 

C2H5OC-NH 




• CF3SO3- 

CH2N(CH2CH3)2 
CH2— C=CH 



P-19 




CH3 
CSCH 



2cr 



P-20 

XONH(CH2)3NH-JpNH-Y^ 



H CH2-CSCH 




Br- 
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P-21 




Y "CH3 

CH2— <^C— CH3 



Br- 



io 



IS 



20 



P-22 



SH 




f|* ^CHa Br- 
CH2— <SCH 



25 



P-23 



2cr 



CONH2 



CONH2 



30 



3S 



P-24 



CH2CH= CH — CHa — N1;^^~^ 2CV 
CONH2 CONH2 



40 



45 



P-25 



CONH2 




so 
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P-26 




CONHCH2CH2SCH2CH2OCH2CH2NHCO 

2CI' 
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P-27 



^^''"^|^^^pNHCOCH2CH20CH2CH2SCH2CH2OCH2CH2CONH 
CHa— CSCH 




CH2— CSCH 
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P-CH3 


ci- 


T-5 
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[0046] The above-mentioned quaternary onium compounds can readily be ^^'^'^^^.^f^^^^'l'^^;^^,;^^^^ 
odFor example, the above-mentioned tetrazolium compounds can be synthesized refernng to a method described .n 

SSr'^d^^^^^^^ compound is pre.erab, between 1 x 10- and about 1 mote per moie 

nf c^tivpr halide and is more preferably between 1X10-7 and 1 X lO-^ mole. 

li^l These can be adde'd to a photosensrtive material at any arbitrary time, from the silver haCde gram fom«t.on 

iS^r Thl q'Sremary onium compounds may be employed individually or in comMon of two or ^ore^ and may 
Leadded to iy layer of the photosensitive material composition layers. However, these are preferably added to at 
'east ^e ^.^LitL layer on the side having the photosensitive layer and are more preferab^ added to a photosen- 
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sitlve layer and/or an adjacent layer thereof. 

[0050] The thermally developable photosensitive material, to which the processing method of the present invention, 
is applied is one comprised of an organic silver salt, photosensitive silver halide grains and a reducing agent. Of these, 
silver halide grains function as a light sensor. In the present invention, in order to minimize the translucence after image 
5 formation and to obtain excellent image quality, the average grain size is preferably minute. The average grain size is 
preferably not more than 0.1 iim: is more preferably 
between 0.01 and 0.1 ptm. and is most preferably between 0.02 

and 0 08 ^irn. The average grain size as described herein implies the ridge line length of a silver halide grain when it 
Is a so-called regular crystal which is either cubic or octahedral. When the grain is not a regular crystal, tor example, 
10 when it is a spherical, cylindrical, or tabular grain, the grain size is the diameter of a sphere having the same volume 

as each of those grains. ... ^ i. • 4U * 

[0051] Furthermore, silver halide is preferably monodispersed. The monodisperse as descnbed herein means that 
the degree of monodispersibility obtained by the formula described below is not more than 40 percent. The more 
preferred grains are those which exhibit the degree of monodispersibility is not more than 30 percent, and the particularly 
IS preferred grains are those which exhibit a degree of monodispersibility is between 0.1 and 20 percent. 

Degree of monodispersibility = (standard deviation of grain diameter)/(average of grain diameter) X 100 

20 [0052] In the present invention, the average grain diameter is preferably not more than 0.1 ^rni. and grains are pref- 
erably monodispersed. When grains are formed in this range, the graininess of images is also improved. 
[0053] There is no particular limitation on the silver halide grain shape. However, a high ratio occupying a Miller index 
[100] plane is preferred. This ratio is preferably at least 50 percent; is more preferably at least 70 percent, and is most 
preferably at least 80 percent. The ratio occupying the Miller Index [100] plane can be obtained based on T Tani. J. 

25 Imaging Sci 29 165 (1985) in which adsorption dependency of a [111] plane and a [100] plane is utilized. 

[0054] Furthermore, another preferred silver halide shape is a tabular grain. The tabular grain as described herein 
is a grain having an aspect ratio represented by r/h of not less than 3. wherein r represents a grain diameter in ^m 
obtained as the square root of the projection area, and h represents thickness in ^ in the vertical direction. Of these, 
the aspect ratio is preferably between 3 and 50. The grain diameter is preferably not more than 0.1 ^im. and is more 

30 preferably between 0.01 and 0.08 nm. These are described in U.S. Pat. Nos. 5.264.337, 5.314.789. 5.320.958, and 
others, by which desired tabular grains can readily be prepared. When these tabular grains are used, image sharpness 

is further improved. ^ . 

[0055] The composition of silver halide is not particularly limited and may be any of silver chloride, silver chlorobro- 
mide silver chloroiodobromide, silver bromide, silver iodobromide. or silver iodide. The photographic emulsion em- 
35 ployed in the present invention can be prepared employing methods described in P. Glafkides. "Chimte et Physique 
Photographique" (published by Paul Montel. 1 967). G.R Duffin. "Photographic Emulsion Chemistry" (published by The 
Focal Press. 1 966). V.L. Zelikman et al., "Making and Coating Photographic Emulsion" (published by The Focal Press. 
1964), etc. 

[0056] Namely, any of several acid emulsions, neutral emulsions, ammonia emulsions, and the like may be employed. 
40 Furthermore, when grains are prepared by allowing soluble silver salts to react with soluble halide salts, a single-jet 
method, a double-jet method, or combinations thereof may be employed. 

[6QS7] The resulting silver halide may be Incorporated into an image forming layer utilizing any practical method, 
and at such time, silver halide is placed adjacent to a reducible silver source. 

[0058] Furthermore, silver halide may be prepared by converting a part or all of the silver in an organic silver salt 
45 formed through the reaction ot an organic silver salt with halogen ions into silver halide. Silver halide may be previously 
prepared and the resulting silver halide may be added to a solution to prepare the organic silver salt, or combinations 
thereof may be used, however the latter is preferred. 

[0059] Generally, the content of silver halide in organic silver salt is preferably between 0.75 and 30 weight percent. 
[0060] Silver halide employed in the present invention is preferably comprised of ions of metals or complexes thereof, 
so in transition metal belonging to Groups VIB. VIIB, VIII and IB of the Periodic Table. As the above-mentioned metals, 
preferred are Cr and W (in Group VI); Re (in Group VIIB); Fe, Co, Ni. Ru. Rh. Pd. Os. Ir, and R (in group VIII); and Cu 
and Au (in Group IB). Of these, when employed for printing plate-making photosensitive materials, it is preferred to 
use Rh. Re, Ru, Ir, or Os. 

[0061] These metals may be incorporated into silver halide in the form of complexes. In the present invention, re- 
55 garding the transition metal complexes, six-coordinate complexes represented by the general formula described bebw 
are preferred. 
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General formula (MLg):"* 



,0 JSSrSe p^cirpSra^T^^^^^^^^^^ ot M . ^oc^^. i^. ruthemun (Ru). « (Re) or os^iu. 
[^4] specific examples of transition metal ligand complexes are described t>elow. 

IS 2: [RuCleP 

3: [ReCler 

4: [RuBrep- 

5: [OsClep- 

6: [CrCy^- 

20 7: IRu(NO)Cl5l2- 

8: [RuBr4(H20)]2- 

9: [Ru(NO) (H20)Cl4]- 

10: lRhCl5(H20)]2- 

11: [Re(NO)Cl5]2- 

25 12: [Re(NO)CN5]2- 

13: [Re(NO)ClCN4l2- 

14: [Rh(NO)2Cl4]- 

15: [Rh(NO) (HjOjCUr 

16: [Ru(NO)CN5]2- 
30 17: [Fe(CN)6l3- 

18: [Rh(NS)Cl5]2- 

19: lOs(NO)Cls]2- 

20: [Cr(NO)Cl5]2- 

21: (Re(NO)Cls]- 
35 22: [Os(NS)Cl4(TeCN)]2- 

23: [Ru(NS)Cis]2- 

24- [Re(NS)Cl4(SeCN)]2- 

25: [Os(NS)CI(SCN)4l2- 

26: [lr(NO)Clsl2- 

n. mrough au.ing ih. s«v«r t,aW, S-""^-"",;^' Z2i^«9 U *eJ,M -Ip^nlng. How 



40 



45 



SO 



55 



sv,r, ». p»la-al.ly a«)«l .1 .ha f ^^J* pi,,^ add." •! »" " nuclei tonr^to. 

distribution formation in the interior of a gram. ^ example, alcohols, ethers. 

[0069] These metalcompoundscanbed.ssolvedinwaterorasimab.eo^^^^^^ ^ 

i^ai^rrr^rfMS: =r r rs-aT = ^,a, .a*^ ^ . 
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solution to form silver halide grains, while simultaneously mixing three solutions ; during grain formation, an aqueous 
solution comprising the necessary amount of a metal compound is placed in a reaction vessel; or during silver halide 
preparation, dissolution is carried out by the addition of other silver halide grains previously doped with metal ions or 
complex ioris. Specifically, the preferred method is one in which an aqueous metal compound powder solution or an 
5 aqueous solution in which a metal compound is dissolved along with NaCI and KCI is added to a water-soluble halide 
solution. When the addition is carried out onto grain surfaces, an aqueous solution comprising the necessary amount 
of a metal compound can be placed in a reaction vessel immediately atter grain formation, or during physical ripening 
or at the completion thereof or during chemical ripening. * 

[0070] In the present invention. organic silver salts are reductole silver sources and preferred are organic acids and 
10 silver salts of hetero-organic acids having a reducible silver Ion source, specifically, tong chain (having from 10 to 30 
carbon atoms, but preferably from 1 5 to 25 carbon atoms) aliphatic carboxyllc acids and nitrogen-containing heterocylic 
rings. 

[0071] Organic or inorganic silver salt complexes are also useful in which the ligand has a total stability constant for 
silver ion of 4,0 to 10.0. ^. ,^ 

IS [0072] Examples of preferred silver salts are described in Research Disclosure. Items 1 7029 and 29963..and include 
the following; organic acid salts (for example, salts of gallic acid, oxalic acid, behenic acid, stearic acid, palmitic acid, 
lauric acid. ' etc.); carboxyalkylthiourea salts (for example. 1 -(3-carboxypropyl)thlourea. l-(3-carboxypropyl)r 
3,3-dimethylthiourea, etc.); silver complexes of polymer reaction products of aldehyde with hydroxy-substituted aro- 
matic carboxylicacid (for example, aldehydes (formaldehyde, acetaldehyde. butylaldehyde. etc.)), hydroxy-substituted 

20 acids (for example, salicylic acid, benzoic acid. 3.5-dihydroxyben2oic acid, 5.5-thiodisalicylic acid, silver salts or com- 
plexes of thioenes (for example. 3-(2<:arboxyethyl)-4-hydroxymethyl-4-(thiazollne-2-thioene and 3-carboxymethyl- 
4-thiazollne-2-thioene)). complexes of silver with nitrogen acid selected from imidazole, pyrazole. urazole, 1 .2,4-thia- 
zote, and IH-tetrazole. 3-amino-5-benzylthio-1.2,4-triazole and benztriazole or salts thereof; silver salts of saccharin. 
6-chlorosalicylaldoxlme. etc.; and silver salts of mercaptides. 

2S [0073] In the present inverition. of these, the preferred organic silver salts are silver behenate. silver stearate. and 
silver arachidate. These silver salts may be used in combination. 

[0074] Organic silver salts can be prepared by mixing a water-soluble silver compound with a compound which forms 
a complex with silver, and employed preferably are a normal precipitation, a reverse precipitation, a double-jet precip- 
itation, a controlled double-jet precipitation as described in Japanese Patent Publication Open to Public Inspection No. 
30 9-127643, etc. 

[0075] In the present invention, organic silver salts have an average grain diameter of 1 ^m and are monodispersed. 
The average diameter of the organic silver salt as described herein is. when the grain of the organic salt is. for example, 
a spherical cylindrical, or tabular grain, a diameter of the sphere having the same volume as each of these grams. 
The average grain diameter is preferably between 0.01 and 0.8 ^im. and is most preferably between 0.05 and 0.5 ^m. 

55 Furthermore, the monodisperse as described herein is the same as silver halide grains and preferred monodispersibility 
is between 1 and 30 percent. In the present invention, the organic silver salts are preferably composed of monodis- 
persed grains with an average diameter of not more than'l ^im. When grains are prepared within this range, high 
density images can be obtained. In the invention, a tabular grain having a tabular ratio, which is a quotient obtained 
by dividing projected area of the organic silver grain by thickness, is 2 to 200, preferably 3 to 1 00. Is preferred. Hereon. 

40 the projected area of the organic silver tabular grain is the area of the grain obsen/ed from just above when individual 
grain is photographed in a replica method with a transmission electron microscope, the thickness is calculated from a 
length of a shadow of replica. There are some methods to measure the area and thbkness of the grains, that is. 
measuring methods by observing with an electron microscope after removing a protective colloid from a formed gram, 
obsen/ing with the electron microscope atter removing a binder from a coated sample, or observing with the electron 

4S microscope a section of the coated sample, and these methods can be used in combination. In the invention, the 
thickness of the organic silver tabular grain is preferably 0.005 to 0.2 jim. more preferably 0.005 to 0. 1 5 \im.. especially 
preferably 0 005 to 0.1 [im. The average grain size of the organic silver tabular grain is preferably 0.2 to 1 .2 jxm. more 
preferably 0 35 to 1 0 ^irn. In the Invention, as a method for making a tabular ratio within the scope of the invention, 
there are some methods by controlling pH. temperature, potential, speed etc. when silver nitrate is added to an organic 

so acid soap, by controlling pH. temperature, potential, speed etc. by adding the organic acid soap and silver nitrate 
simultaneously by using double-jet method, by ripening in a reaction vessel after forming the organic acid silver, by 
dispersing together with binder by using a dispersing apparatus after forming the organic acid silver. These methods 
can be used singly or in combination. Of these, it is preferable to use the method by which the organic silver tabular 
grain within the scope of the invention is formed by dispersing together with binder and surfactant by using a dispersing 

55 apparatus after forming the organic silver salt. It is preferable that not less than 50% of total number of the organic 
silver grains is occupied with the tabular grains having the tabular ratio of not less than 2. more preferably 55 to 1 00%. 
still more preferably 60 to 100%. * . o 

[0076] In the present invention, the total amount of silver halides and organic silver salts is preferably between 0.3 



23 



yslSDOCID: <EP ^0933672A1 J_> 



EP 0 933 672 A1 



reductones as the p-^cursor of reducing agents (for example P'^^'^^^^^fJ^ J,^^^^^^^^ ketones (for example, an- 
6-methyl)phenol. UV-sensrtive ascorbic acid derivatives and 3-pyrazolidones 



10 



IS 



2S 



30 



as 



40 



[0080] 

General formula (A) 




methyl, ethyl, t-butyl). ,«^^«t^H hw thP nenerai formula (A) are described below. However. 

[0081] Specific examples ot the compounds represented by the general Tormuia ^m; 

the present invention is not limited to these examples. 
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[0082] The used amount of reducing agents first represented by the above-mentioned general fomiula (A) is pref- 
erably between 1 X 10-2 and 10 moles per mole of silver, and is most preferably between 1 X JO-^ and 15 moles _The 
thermally developable photosensitive material has one layer or plural layers on a support and said one layer o plural 
layers contain organic silver salt, photosensitive silver halide grains and reducing agent. Said organic s'lver salt pho- 
tosensitive silver halide grains and reducing agent may be contained in the same layer or each may be untamed in 
different layer. It is preferable that said organic silver salt and photosensitive silver halide grains are contained in me 
same layer The reducing agent is preferably contained in the same layer containing the organic silver salt and the 

photosensitive silver halide grains or in an adjacent layer. ^. . ■ . ^r,„ii^ri 

[00831 Binderssuitableforthethermaltydevelopablephotosensitivenrwterialtowhichthepresentinventionisappl.^^ 

are transparent or translucent, and generally colorless. Binders are natural polymers, synthetic resins, and f«lymers 
Lcopolymers.otherfilm forming media;for example, gelatin, gum arable, poly(v«iyIalcohol).hydroxye^^^^ 
45 celluloasacetate. cellulose acetatebutylate. poly(vinyl pyrrolidohe). casein, starch, poly(acrylicacid). poly(methylmeth- 
acrylic acid). poly(vinyl chloride). poly(methacrylic acid). copoly(styrene-maleic acid anhydride), f P°'y sy^ene-aciy- 
copoiycstyrene-butadiene, poly(vinyl acetal) series (for example. po^(vinyl fom«l)and poV(vinyl buty ral). poV 
(ester) series, poly(urethane) series, phenoxy resins. poly(vinylidene chloride), poly(epox.de) senes poly(carbonate) 
series poly(vinyl acetate) series, cellulose esters, poly(amide) series. These may be hydroph.l.c or hydrophobic 
so [0084] In the present invention, with the purpose of minimizing the size variation after thermal development, the 
amount of the binder in a photosensitive layer is preferably between 1 ,5 and 10 g/m^. and is more preferably between 
1 .7 and 8 g/rrfi. When the amount is below 1 .5 g/m2. the density of an unexposed part markedly increases to occa- 
sionally cause no commercial viability. 

[0085] In the present invention, a matting agent is preferably incorporated into the photosensitive layer side. In order 
55 to minimize the image abrasion after themial development, the matting agent is provided on the surface o< a Photo- 
sensitive material and the matting agent is preferably incorporated in an amount of 0,5 to 10 percent .n weight ratio 
with respect to the total binder in the emulsion layer side. . u . , 

[0086] Materials of the matting agents employed in the present invention may be either organic substances or inor- 
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ganic substances. Regarding inorganic substances, for example, those can be employed as matting agents, which are 
silica described in Swiss Patent No. 330,158. etc.; glass powder described in French Patent No. 1 ,296.995. etc.; and 
carbonates of alkali earth metals or cadmium, zinc. etc. described in U.K. Patent No. 1.173,181. etc. 
[0087] Regarding organic substances, as organic matting agents those can be employed which are starch described 
5 in U.S. Pat. No. 2.322.037. etc.; starch derivatives described in Belgian Patent No. 625.451. U.K. Patent No. 981.198. 
etc.; polyvinyl alcohols described in Japanese Patent Publication No. 44-3643. etc.; polystyrenes or polymethacrylates 
described In Swiss Patent No. 330.158. etc.; polyacrylonitriles described In U.S. Pat. No. 3.079.257, etc.; and polycar- 
bonates described in U.S. Pat. No. 3,022.169. 

[0088] The shape of the matting agent may be crystalline or amorphous. However, a crystalline and spherical shape 

10 is preferably employed. 

[0089] The size of a matting agent is expressed In the diameter of a sphere which has the same volume as the 
matting agent. The matting agent employed In the present invention preferably has an average particle diameter of 
0.5 to 10 Jim, and more preferably of 1.0 to 8.0 \xm. Furthemnore, the variation coefficient of the size distribution is 
preferably not more than 50 percent, Is more preferably not more than 40 percent, and is most preferably not more 

IS than 30 percent. The variation coefficient of the size distribution as described herein is a value represented by the 
formula described below. 

(Standard deviation of grain dlameter)/(average grain diameter) X 100 

20 

[0090] The matting agent according to the present invention can be incorporated into arbitrary construction layers. 
In order to accomplish the object of the present invention, the matting agent is preferably incorporated into construction 
layers other than the photosensitive layer, and is more preferably incorporated into the farthest layer from the support 
surface. In the invention, to reveal more remarkably the effect of the Invention, a smooster value of the outemnost 
25 surface of the themnally developable photosensitive material according to the invention contacting with the heat element 
is preferably not more than 50 mmHg, more preferably 0.1 to 40 mmHg, still more preferably 1 to 35 mmHg. The heat 
element preferably contacts with the surface on the photosensitive layer side. 

[0091] In this invention, the smooster value of the photographic material is defined as a suction pressure (mmHg) 
measured for the outermost surface of non-exposed and non-developed, namely, raw stock film under the following 

30 condition . A measurement is carried out with a smooster meter such as smooster SM-6B produced by Toa DenkI Kogyo 
Co., Ltd. With this smooster meter utilizing a vacuum type air micrometer, an inflowing amount of air Is measured 
through a measuring head adsorbed on the surface of the film to be measured, and the inflowing amount of air is varied 
depending on the roughness of the surface and the inflowing amount of air Is converted into a pressure (mmHg). High 
pressure value means that the roughness on the surface Is large or that number of rough portions on the surface is 

35 many. The measuring head was put on the surface of the film to be measured, and air in the measuring head Is 
evacuated with a vacuum pump through an outlet having a given open area which is attached to the measuring head, 
then the pressure P (mmHg) in the measuring head is read and indicated as the smooster value. Prior to the measur- 
ment, the film is allowed to stand at 23 **C. 48% R.H., for 2 hours, and measured under the same condition using the 
above mentioned apparatus. The smooster value of the outermost surface on the opposite side to the surface on the 

40 support contacting with the heat element is preferably not less than 70 mmHg, more preferably 80 to 400 mmHg, still 
more preferably 90 to 250 mmHg, so that an automatic transport by an image setter and an automatic processor is 
not hindered. As a preferable embodiment of the invention, the smooster value of the outermost surface on the pho- 
tosensitive layer side of the thermally developable photosensitive material is not more than 50 mmHg and the smooster 
value of the outenmost surface on the oppsite side to the photosensitive layer of the thernnally developable photosen- 

45 sitive material is not less than 70 mmHg. The smooster value is determined by an amount of binder such as polyvinyl- 
butylal, celluloseacetatebutylate, poJyester and polymer latex, particle size, particle shape and adding amount of mat- 
ting agent, kind and amount of compounds such as hardener and platicizer capable of changing property of binder, 
and coaling and drying condition. In the invention, combining the above mentioned techniques, an optimum smooster 
value is attained. 

so [0092] Addition methods of the matting agent according to the present invention include those in which a matting 
agent is previously dispersed into a coating composition and is then coated, and prior to the completion of drying, a 
matting agent is sprayed. When a plurality of matting agents are added, both methods may be employed in combination . 
[0093] A protective layer is preferably coated on more outer layer than the emulsion layer containing photosensitive 
sliver halide grains (opposite side to the support). In this case, matting agent is preferably contained In the protective 

ss layer 

[0094] In the invention, to reveal more remarkably the effect of the invention, hardness value, measured by a thin 
layer hardness meter, of the layer of the thermally developable photosensitive material according to the invention 
contacting with the heat element is preferably not less than 0.8 GPa. more preferably 0.9 to 2.0 GPa. still more preferably 
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0.95 to 1 .6 GPa. In cases where there is a protective layer protecting an enr^ulsion layer, the hardness value of the 
protective layer is preferably to be the same as mentioned above. h=,rHnP<!.? value rrieas- 

rOMSI In the invention the hardness value measured with the thin layer hardness meter '^t^e hardness value meas 
inineinvenuoM, iiiBiia .„^,h-^„f iicyoosi concretelv the hardness va ue indicates the hardness 

onto a sample ^\nce ine "^'^ .^nHHinn of °c 50% R H Further, kind of measuring meter is in confomiity 

S^simS ™21^1 pho«h.les.ochas~llold.lmoni™rilon«eola,o,hyd,ox,apMMde»;nbed,nJ««^ 

SSTss ov-opCylBe, ale. commoomica. 8wellln9.ynth.llcfluo*sHX>nla.iit.9 mica. s.ric«. and 
rK^^me^lL. iermieulKe. selling ^»"~* ""<*»rrS»«K Il^'^W^^^^^^^^ 

srrrir/rr:rr=^;r;r™ 

complex system, and may be in any fom. of sphere, amorphousness. needle _ ^„ 

roiMl -nie zeolite is aluminium silicate and has a basic chemical structure. X'^"0.Al203.YSO2 ZH20. based on 
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formalion of photographic images employing thermal development processing and preferably comprises a reducible 
silver source (organic silver salt), silver hallde with an catalytically active amount, a hydrazine derivative, a reducing 
agent and, if desired, an Image color control agent, to adjust silver tone, which are generally dispersed into a (organic) 
binder matrix. 

5 [0103] The thermally developable photosensitive material, to which the present invention Is applied, is stable at 
normal temperatures and is developed, after exposure, when heated to not less than 250 "C. Upon heating, silver is 
formed through an oxidation-reduction reaction between the organic silver salt (functioning as an oxidizing agent) and 
the reducing agent. This oxidation-reduction reaction is accelerated by the catalytic action of a latent image formed in 
the silver halide through exposure. Silver formed by the reaction with the organic silver salt in an exposed area yields 

to a black image, which contrasts with an unexposed area to fomn an image. This reaction process proceeds without the 
further supply of a processing solution such as water, etc. from outside. 

[0104] The thermally developable photosensitive material, to which the present invention is applied, comprises a 
support having thereon at least one photosensitive layer, and the photosensitive layer may only be formed on the 
support. Further, at least one nonphotosensitive layer is preferably formed on the photosensitive layer In order to 

15 control the amount or wavelength distribution of light transmitted through the photosensitive layer, a filter layer may be 
provided on the same side as the photosensitive layer, or on the opposite side. Dyes or pigments may also be incor- 
porated into the photosensitive layer. As the dyes, preferred are compounds described in Japanese Patent Application 
No. 7-1 1 1 84. The photosensitive layer may be composed of a plurality of layers. Furthermore, for gradation adjustment, 
in terms of sensitivity, layers may be constituted in such a nnanner as a fast layer/slow layer or a slow layer/fast layer. 

20 Various types of additives may be incorporated into any of a photosensitive layer, a nonphotosensitive layer, or other 
formed layers. 

[0105] Surface active agents, antioxidants, stabilizers, plasticizers, UV absorbers, covering aids. etc. may be em- 
ployed in the thermally developable photosensitive material to which the present invention is applied. 
[01 06] Image color control agents are preferably incorporated into the thermally developable photosensitive material 

25 to which the present invention is applied. Examples of suitable image color control agents are disclosed In Research 
Disclosure Item 17029, and include the following; 

imides (for example, phthaltmide), cyclic imides, pyrazoline-5-ones, and quinazolinon (for example, succinimide, 
3-phenyl-2-pyra20line-5-one, 1-phenylurazole. quinazoline and 2,4-thiazolidione); naphthalimides (for example, Nl-hy- 
droxy-1 .8-naphthalimide); cobalt complexes (for example, cobalt hexaminetrifluoroacetate). mercaptans (for example. 

30 3-mercapto-1 ,2.4-triazole); N-(aminomethyl)aryldicarboxyimides (for example. N-(dimethylaminomethyl)phthalimide): 
blocked pyrazoles, isothiuronium derivatives and combinations of certain types of light-bleaching agents (for example, 
combination of N.N'-hexamethylene(1-carbamoyl-3.5-dimethylpyrazole). 1 ,8-(3.6-dioxaoctane)bis (Isothiuroniumtrif- 
luoroacetate). and 2-(tribromomethylsulfonyl)benzothiazole: merocyanine dyes (for example, 3-ethyl-5-((3-etyl-2-ben- 
zothiazoliny.lidene(benzothiazolinylidene))-1-methylethylidene-2-thio-2,4-oxazolidinedione); phthalazinone, phthalazi- 

35 none derivatives or metal salts thereof (for example. 4-(1 -naphthyl)phthalazinone, 6-chlorophthaIazinone, 5,7-dimeth- 
yiphthalazinone, and 2,3-dihydro-1.4-phthaiazinedione); combinations of phthalazinone and sulfinic acid derivatives 
(for example. 6-chlorophthalazinone + benzenesulfinic acid sodium or 8-methyIphthalazinone + p^risulfonic acid so- 
dium); combinations of phthalazine + phthalic acid; combinations of phthalazine (including phthalazine addition prod- 
ucts) with at least one compound selected from maleic acid anhydride, and phthalic acid, 2,3-naphthalenedicarboxylic 

40 acid or o-phenylenic acid derivatives and anhydrides thereof (for example, phthalic acid, 4-methyiphthalic acid, 4-ni- 
trophthalic acid, and tetrachlorophthalic acid anhydride); quinazolinediones, benzoxazine, nartoxazine derivatives, 
benzoxazine-2,4-diones (for example, 1 .3-benzoxazine-2.4-dione); pyrimidines and asymmetry-triazines (for example. 
2.4-dihydroxypyrimidine), and tetraazapentalene derivatives (for example, 3,6-dimercapto-1.4-diphenyl-1H,4H-2,3a, 
5,6a-tatraazapentalene). Preferred image color control agents Include phthalazone or phthalazine. 

45 [01 07] Antifoggants may be incorporated into the thermally developable photosensitive material to which the present 
invention is applied. The substance which is known as the most effective antifoggant is a mercury ion. The incorporation 
of mercury compounds as the antifoggant Into photosensitive materials Is disclosed, for example, In U.S. Pat. No. 
3,589,903. However, mercury compounds are not environmentally preferred. As mercury-free antifoggants. preferred 
are those antifoggants as disclosed in U.S. Pat. Nos. 4,546,075 and 4,452,885, and Japanese Patent Publication Open 

50 to Public Inspection No. 59-57234. 

[0108] Particularly preferred mercury-free antifoggants are heterocyclic compounds having at least one substituent, 
represented by -C(X1 )(X2)(X3) (wherein XI and X2each represents halogen, and X3 represents hydrogen or halogen), 
as disclosed in U.S. Pat. Nos. 3,874,946 and 4,756,999. As examples of suitable antifoggants, employed preferably 
are compounds and the like described in paragraph numbers [0062] and [0063] of Japanese Patent Publication Open 

55 to Public Inspection No. 9-90550. 

[0109] Furthermore, more suitable antifoggants are disclosed in U.S. Pat. No. 5,028,523, and U.K. Patent Application 
Nos. 9221383. No. 4. 9300147. No. 7, and 9311790. No. 1 . 

[0110] In the thermally developable photosensitive material to which the present invention is applied, employed can 
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be sensitizing dyes described, for example, in Japanese Patent Publication Open to PfJ^ '"^P^f N?!' ^.^I'.f ggg' 
senl^lj i'^bi L spSLLteristics of light sources of various types of scanne^. For ---P'^' -^^^^^^^ 

rc;;TC-Te™ are pref e.b,. in order to obtain predetermined opt.a, ^ens^y 

iner Lament priessing and to minimize the deformation of images after devetopmen process.ng. P^^^^^J^^ 
CexaSS^Iy^hylene terephthalate. polycarbonate, polyimide. nylon, cellulose tr.acetate. polyethylene naphtha- 

roTi21 Of these as preferred supports, listed are polyethylene terephthalate (hereinafter referred to as PET) and 
Lmlf Dlas°ics (he%^^^^^ to as SPS) comprising styrene series pohrmers having a syndiotactic structure. The 

°Sess <^^^^^^^^^ about 50 and about 300 ^m. and is preferably between 70 and ,80 i^- 

roTiT FurtherJnore thermally processed plastic supports may be employed. As acceptable plast.cs, those descrtoed 

temperature higher than the melting point, no advantages of the present mvenlion are obtained, 
rniiiii Plastics emoloved In the present invention are described below. 
.5 S S PE?ira prsS=^ Which all the polyester components are composed of polyethylene terephthalate. Howeve. 

rs^Smsu'STih^^^^^^^^^ and as glycol components, ethylene glycol propylene glycol, butane- 

di^ricToh-an^^^^ etc'may be contained in an amount of no more than 10 mole pe«=ent. wrth respect to 

so the total P-^^^l^^^^^;^^ ^^^^3, (3^,,, polystyrene) and a polystyrene having stereoregularity The 

Ser^regu^^ structure pSn of spl is teled a racemo chain and the more regular parts ^ c^^^^^^^ 

chains 5 chains or more chains, the higher being, the more preferred. In the present invention, ^f'^'^^l'^^":^^^. 
oSerably n^^^^ than 85 percent for two chains, not less than 75 percent for three chains, "ot less than 50 percem 

ss for fte?ha"ns and 30 percent for no. less than 5 chains. SPS can be polymenzed in accordance wrth a method 
ripscribed in Jaoanese Patent Publication Open to Public Inspection No. 3-1 3184J. ■ . ^ ^t, .u^ 

?oTS AL the basfcasting method of the support and subbing production method which are associated wrth the 

40 

EXAMPLES 

[0118] The present invention is explained with reference to examples below. However, the present invention is not 
limited to these examples. 

4S 

Example 1 

(Preparation of a Photographic Subbed Support) 
so <Preparatlon of a Photographic Subbed PET Support> 

roi191 Commercially available biaxially stretbhedthemially fixed 100 jxm PETfllm was subjected to corona discharg- 
^ . L,m^.^ o^a nute on both sides. Onto the surface of one side, the subbing coating composition a-1 

dlSdblwls^p"^^^^ 

55 ?ubC LayTAT^^^^^^ onto the opposrte side surtace. the antistatic treatment subbing coating co"PO^-" 

b 1 Ascribed below was applied, so as to form a dry thickness of 0.8 ^m. and the resulting coating was designated 
Antistatic Treatment Subbing Layer B-1 . 
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<Subbing Coating Composition a-1 > 




Latex composition (solid portion of 30 percent of a copolymer composed of butyl acrylate (30 weight 
percent). t*butyl acrylate (20 weight percent), styrene (25 weight percent), and 2-hydroxyethyl acrylate 
(25 weight percent) 

(C-1) 

Hexamethylene-1 ,6-bis(ethyleneurea) 
Water to make 



10 



<Subbing Coating Composition b-1> 




IS 



20 



2S 



30 



35 



40 



45 



Latex composition (solid portion of 30 percent of a copolymer composed of butyl acrylate (40 weight 

percent), styrene (20 weight percent), and glycidyl acrylate (40 weight percent) 

(C-1) 

Hexamethylene-1 ,6-bis(ethyleneurea) 
Water to make 



[0120] Subsequently, the surfaces of subbing layers A-1 and B-1 were subjected to corona discharging of 8 w/ 
m^ minute, and onto the subbing layer A-1. the subbing upper layer coating composition a-2 described betow was 
coated to form subbing layer A-2 so as to obtain a dried thickness of 0.1 |im, and onto the subbing layer B-1, the 
subbing upper layer coating composition b-2 described below was coated to form subbing upper layer B-2 exhibiting 
antistatic function so as to obtain a dried thickness of 0.8 ^m. 



<Subbing Upper Layer Coating Composition a-2> 


Gelatin 


weight to make 0.4 g/m^ 


(C-1) 


0.2 g 


(C-2) 


0.2 g 


(C-3) 


0.1 g 


Silica particles (average diameter of 3 ^m) 


0.1 g 


Water to make 


1 liter 



<Subbing Upper L^yer Coating Composition b-2> 



(C-4) 

Latex composition comprising (C-5) as a component (solid portion of 20 percent 
Ammonium sulfate 

(C-6) 

Polyethylene glycol (weight average molecular weight of 600) 
Water to make 




(C-1) 



so 



CgHig — ^ / "^ — (-CHaCHaO^-^SOaNa 
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(C-2) 



C9H19 

C9H,9-^J-0-(-CH2CH20|^S03Na 



ro 

CH2=CHCON'^NC0CH=CH2 

s 

IS COCH=rCH2 



(C-4) 

20 ^ ' 




M„-5000 

COOH COOH 



SOsNa 



(Mn is number average molecular weight) 
X : y = 75 : 25 (weight ratio) 



(C-5) 

35 



COOH COOC4H9(n) 

SOaNa ^cHz Ch)-^ -f CH2 Ch)-^ 

CONH2 COOC4H9(n) 
p.q:r:s:t = 40:5:10:5:40 (Weight ratio) 
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(C-6) 



10 



IS 



^HaOCHaC^CHj 
O 



HO-CH2— CH — CHo 

V 



CH2-OCHa 



-CH 



O 



CH2 



H2OCH2 CH •,CH2 

\ / 
O 

H OH 



CHg— OCH2 — CH CH2 

V 



20 



25 



OH 



CH^-O ( CH2— CH— CH2 — O— CH 

CH^ 
I > 

^"2 qH2--^CHCH2 

o 



^H — CH2-O4-CH2 



CHf 



30 



Mixture of three compounds above 



35 



(Thermal Treatment of Support) 

[0121] During subbing drying process for the above-mentbned subbed support, the support was heated at 140 *C 
and was then cooled gradually. 



40 



45 



so 



(Preparation of Emulsion A) 

[0122] In 900 ml of water, 7.5 g of inert gelatin and 10 mg of potassium bromide were dissolved. After adjusting the 
temperature to 35 **C and the pH to 3.0, 370 ml of an aqueous solution containing 74 g of silver nitrate, an aqueous 
solution containing potassium bromide and potassium iodide in a mole ratio of 98/2, 1X10'^ mole of lr(NO)Cle salt 
per mole of silver, and 1 X IQ-^ mole of rhodium chloride salt per mole of silver were added employing a controlled 
double-jet method while maintaining the pAg at 7.7. Subsequently. 4-hydroxy-6-methyl-1,3,3a.7-tetraazaindene was 
added and the pH was adjusted to 5 using NaOH. Thus, obtained was cubic silver iodobromide grains having an 
average grain size of 0.06 ^m, a projection diameter area variation coefficient of 8 percent, and a [100] plane ratio of 
87 percent. The resulting emulsion was subjected to desalting through coagulation precipitation employing an coagu- 
lant. After that, 0.1 g of phenoxyethanol was added, and the pH and pAg were adjusted to 5.9 and 7.5, respectively to 
obtain a silver halide emulsion. Further, the resulting emulsion undenwent chemical ripening in the presence of chlo- 
roauric acid and inorganic sulfur. 



55 



(Preparation of Sodium Behenate Solution) 

[0123] To 340 ml of isopropanol, 34 g of behenic acid was dissolved at 65 **C. Thereafter, with stirring, an aqueous 
0.25N sodium hydroxide solution was added so that the pH was adjusted to 8.7. At the time, about 400 ml of an aqueous 
sodium hydroxide solution was employed. Thereafter, the resulting sodium behenate solution was concentrated under 
reduced pressure so that the concentration of sodium behenate became 8.9 percent by weight. 
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20 
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(Preparation of Silver Behenate B) 

[0124] To a solution prepared by dissolving 30 g of ossein gelatin in 750 ml distilled water, a 2^4M sijver nitrate 
solution was added to result in a silver electrical potential of 400 mV To the resulting solution, 374 rnl of the above- 
menfcned sodium behenate solution was added at 78 »C employing a controlled double-jet method along wrth an 
aqueous 2.94M silver nitrate solution at the same lime. During the addition, the added amounts of sodium behenate 
and silver nitrate were 0.092 mole and 0.101 mole, respectively. After the addition, stirring continued for more 30 
minutes and water-soluble salts were removed using ultrafiltration. The resulting silver behenate was composed of 
needle grains having an average grain size of 0.8 um and a monodispersibility of 8 percent. 

(Preparation of Photosensitive Emulsion) 

r01251 To 0 1 mole of the resulting silver behenate B. 0.01 mole of the above-mentioned silver halide emulsion A 
was added. With continuous stirring, dispersion flocks were fomied by gradually adding 100 g of a n*j;ty' acetate 
solution containing vinyl acetate (1 .2 percent by weight). Subsequently, water was removed and further, water wash ng 
and water removal were carried out two more times. Then, wrth stirring, added was 60 g of a mixture <;0"^^t'"9 °' f "^^^ 
acetate containing 2.5 weight percent polyvinyl butyral (average molecular weight of 3.000) as a ^'^^^^^^^^^^^^^^ 
alcohol in a ratio of 1 ; 2. Thereafter, a gel-like mbcture consisting of behenic acid and silver halide. as prepa ed above, 
was added with polyvinyl butyral (average molecular weight of 4,000) as a binder and isopropyl alcohol, and was 
dispersed. After dispersion, the organic silver grains were the tabular grains having average grain size of 0.5 jim and 
m^imum tabular ratio of 20 and the content ratio of the oraganic silver tabular grains having tabular ratio of not less 
than 2 in total organic silver grains was 90%. ^»«^„i^o 
[01 26] Onto the supports shown in Table 1 , each layer described below was subsequently applied to prepare samples. 
Further each sample was dried at 75 "C for 5 minutes. 

[0127] coating onto Back Side Surface: the composition described below was coated to foim a wet thickness of 80 



Polyvinyl butyral (10 percent isopropanol solution) 
Dye-B 

Dye-C 



150 ml 
70 mg 
70 mg 
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Dye-B 
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C2H5 



C2H5 
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C2H5 



[0128] Coating onto Surface of Photosensitive L-ayer Side Photosensitive iayer: the composition described below 
was coated so that the coated silver amount was 1 .3 g/m^ and polyvinyl butyral as a binder was 3.5 gAn^ 



Photosensitive emulsion 


as silver, amount 




to make 1.3 g/m^ 


Sensitizing dye-1 (0.1% DMF solution) 


2mg 


Antifoggant-1 (0.01% methanol solution) 


3 ml 


Antifoggant-2 (1.5% methanol solution) 


8 ml 


Antifoggant-3 (2.4% DMF solution) 


5 ml 


Phthalazone (4.5% DMF solution) 


8 ml 


Developing agent-1 (10% acetone solution) 


20 ml- 



30 

Semisi&izmg dye-H 
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40 




Antifoggam*-1 
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Antifoggant-2 



,CCl3 



CCI3 



70 



IS 



Antifoggant-3 



(iDCsHnSOaNH— 





NHS02CeHi7(n) 



20 



2S 



30 



35 



40 



Developing agent-1 




CH— CH2 



H — CH2 



^H3 



f 

CH3 



-j:-cH3 
CH3 



CH3 



Obtain a wet thickness of 1 00 ^m. 



5 to 



45 



SO 



SS 



Acetone 

2-Propanol 

Methanol 

Cellulose acetate 

Phthalazine 

4-Methylphthalic acid 

Tetrachlorophthalic acid 

Tetrachlorophthalic acid anhydride . . 

[ tlr, .olvmethvl methacrylate with an average gra.n s.ze of 4 ^ 



175 ml 
40 ml 
15 ml 
8.0 g 
1.0 g 
0.72 g 
0.22 9 
0.5 g 
2.0 g 



,0,,., M„a«™a-,de..^=»P-— 
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mmHg and that of the surface of the uppermost layer on the backing layer side was 1 20 mmHg. And after the thermally 
developable photosensitive sample was allowed to stand at 23 »C. 50% R.H. for 2 days, hardness value of the protective 
layer was measured by using a thin layer hardness meter produced by Nihon Denki Co.. Ltd. The obtained hardness 
value of the protective layer was 1 .1 GPa. 

5 

<Measurement of Size Repetition Accuracy> 

[01 31] A thermally developable photosensitive sample as prepared above was subjected to image exposure of two 
fine lines with an interval of 500 mm using an image setter having a 760 nm semiconductor laser 
10 [01 32] Thereafter, development was carried out employing a device with arranged 1 ,000 thermal heads having the 
heating element according to the present invention so as to achieve thermal development temperature and time shown 
in Table 1 , 

[01 33] As comparison, thermal development was carried out at 1 20 for 1 5 seconds employing a heating drum. 
[0134] At the time, exposure and development were carried out in a room conditioned at 23 ''C and RH 50%. This 
IS operation was repeated four times and the distance between two fine lines was accurately measured. In that case, R 
represents the difference between the maximum and the minimum and the size repetition accuracy T was obtained in 
accordance with the formula described below. It the repetition accuracy is not within 0.1 percent, application to color 
printing is not viable. 

T = (RA/V) X 100(%) 
W: length of a sample prior to development 



2S [0135] Table 1 show the evaluation results. 

<Evaluation on Staining after Thermal Development> 

[0136] The thermally developable photosensitive material prepared as above was divided into two parts; one part 
30 was incubated in a thermostat at 50 »C and 50% for 5 days, and staining of the unexposed part of the resulting sample 
was visually evaluated. 

[0137] No staining was evaluated to be Rank 5. As staining increases. Rank decreases as 4. 3, 2, and 1. Rank 1 
indicates the formation of dense brown staining. Those which do not reach Rank 3 are not commercially viable. 

35 <Evaluation on Silver Tone after Thermal Development> 

[0138] Silver tone of the exposed part of the sample as Incubated above was visually evaluated and ranked as 
described below. 

[0139] Those exhibiting blue black tone were evaluated to be Rank 5, and as the tone became more wamn black, 
40 Rank decreased as 4, 3. 2. and 1 . Rank 1 indicates those colored in brown. Those which do not reach Rank 3 are not 
commercially viable. 

[0140] Table 1 shows the evaluatbn results. 



Table 1 . 



Sample No. 


Heating Device 
for Thermal 
Development 


Thermal 
Development 
Temperature 

and Time 


Size Repetition 
Accuracy (%) 


Performance after Incubation at 
50 *C for 5 Days 












Staining 


Silver Tone 




1 


Heat Roller 


120 *C. 
15 sec 


0.5 


2 


1 


Comp. 


2 


Thermal 
Head 


290 *»C. 
5 msec 


0.09 


4 


4 


Inv. 
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Table 1 . (continued) 



10 



15 



20 



25 



30 



Sample No. 



Heating Device 
for Thermal 
Development 



Thermal 
Head 



Thermal 
Development 
Temperature 
and Time 



400 'C. 

3 msec 



Size Repetition 
Accuracy {%) 



0.06 



Pertormance after Incubation at 
60 **C for 5 Days 



Staining 



Silver Tone 



Inv. 



Comp.: Comparative, Inv.; Present inveniion 
Example 2 

obtained in example 1 . 

<Quality Evaluation on Small Dot of Halftone Dot> 

ated to be Rank 5 and as the quality degrades. Rank decreased as 4. 3. 2. and 1 . 
[0144] Table 2 shows the evaluation results. 
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10 



IS 



20 



25 



30 



35 



40 



45 



SO 





i 

CJ 


i 


Inv. 


Inv. 


Performance 
after Incubation 

at 50 for 
5 Days 


Silver 
Tone 


CN 








Staining 


CN 






in 


Small Dot 
Quality of 
Halftone Dot 






in 


in 


Size 
Repetition 
Accuracy 

(%) 


in 
o 


0.08 


0.07 


0.06 


Hydrazine 
Derivative 


H-27 


t 


H-20 


H-32 


Thermal 
Development 
Temperature 

and Time 


O CJ 
o 0) 

o 

rvj in 


^ <l> 

CO 

o e 


320 ^C, 
5 msec 


rT CJ 
^ 0) 

^ w 

o e 


Thermal 
Device for 
Thermal 

Development 


Heat Roller 


Thermal Head 


Thermal Head 


Thermal Head 


Sample 

rsJQ • 




OJ 







c 
o 



en 
<u 



> 



>H 

(0 

o 
o 



o 
o 
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Example 3 

p'otKU.. layer «er, the «mo as Ihosa oWalnad r example 1. 
[01 46] Table 3 shows the results. 
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10 



IS 



20 



25 



30 



3S 



40 



45 



m 

i-H 



50 





Comp. 


Inv. 


Inv. 


Inv. 


Performance 
after Incubation 

at 50 °C for 
5 Days 


Silver 
Tone 


CN 






in 


Staining 


CN 








Small Dot 
Quality of 
Halftone Dot 










Size 
Repetition 
Accuracy 

(%) 


o 


0.09 


0.08 


0.07 


Quaternary 
onium 
compound 


F-16 ' 


P-16 


P-10 


T-7 


Thermal 
Development 
Temperature 

and Time 


120 ^C, 
15 sec 


300 

6 msec 


350 °C, 
5 msec 


10 

o e 

GO 

CO ^ 


Thermal 
Device for 
Thermal 

Development 


Heat Roller 


Thermal Head 


Thermal Head 


Thermal Head 


Sample 

No. 




CN 







> 

Jj 

03 
U 
fC 

% 

o 
o 



o 
a 
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DfeCosad embodiment can be varied by a skilled person without departing .rom the spirit and scope of the invention. 



Claims 



reducing agent. 

2. A processing method of claim 1 . wherein said heating element is a thermal head. 
,s 3. A processing method of claim 1 . wherein one layer or plural layers of said them^lV developable photosensrtK^e 
material contain a hydrazine derivative. 
4. A processing method of cla^ 1. wherein one layer or plural layers of said them^alV developable photosensn^e 
material contain a quatemary onium compound. 

silver halide grains and a protective layer protecting said emulsion layer. 

30 photosensitive material with said heating element. 

8 Aprocessingmethodofclaim6.whereinsmoostervalueotthesurf^^^ 
* material contacting with said heating element is not more than 50 mmHg. 
ss e. A processing method ot c.a^ 6. wherein hardness of the surface ot said thermally developable photosensitive 
material contacting with said heating element is not less than 0.8 Gpa. 
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FIG. 1 
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